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What are peroxisomes? In many 
publications, peroxisomes  
are introduced as ubiquitous,  
single-membrane-bound subcellular 
organelles that have a fine granular 
matrix and fulfil important metabolic 
functions in hydrogen peroxide and 
lipid metabolism and are therefore 
essential for human health and 
development. Peroxisomes belong to 
the basic equipment of the eukaryotic 
cell and thus occur in mammals, plants 
and fungi. Whereas in the past the 
‘Cinderella’ among the subcellular 
compartments made a bare living 
in the shadow of its big brother, the 
mitochondrion, and was regarded 
as the cell’s garbage pail, it has now 
become evident that peroxisomes are 
dynamic, interconnected organelles 
that, among other functions, actively 
contribute to signalling, developmental 
decisions, ageing, and defence against 
pathogens. Peroxisomes possess 
unique features, which have often been 
in disagreement with existing dogmas in 
cell biology. Remarkably, peroxisomes 
can import completely folded or even 
oligomeric proteins and can form  
de novo from the endoplasmic reticulum 
(ER) under special conditions.
How did they get their name? In 1954, 
the Swedish PhD student and later 
electron microscopy pioneer Johannes 
Rhodin described ‘microbodies’ 
in ultrastructural studies of the 
mouse kidney. This morphological 
designation was gradually replaced 
by the functional term ‘peroxisome’, 
which was introduced in 1965 by 
Christian De Duve (Nobel laureate in 
1974). De Duve and his colleagues 
succeeded in isolating this organelle 
from rat liver and co-localizing several 
H2O2-producing oxidases as well as 
catalase, a H2O2-degrading enzyme, in 
the organelle matrix. The peroxidatic 
reaction of catalase was later exploited 
to develop a specific cytochemical 
staining method for peroxisomes. 
What is the job of peroxisomes? 
Peroxisomes are multipurpose 
organelles, as their functions are 
Quick guide highly diverse depending on organism, cell type and developmental stage 
of the organism. These organelles 
contribute to numerous metabolic 
pathways and are indispensable for 
maintaining cellular homeostasis. 
Common functions include the 
metabolism of hydrogen peroxide and 
the oxidation of fatty acids. However, 
several specialized functions have 
been acquired, such as penicillin 
biosynthesis in fungi, glycolysis in 
trypanosomes, photorespiration and 
the glyoxylate cycle in plants, and 
plasmalogen biosynthesis in mammals 
(etherlipids, such as plasmalogens, 
are important constituents of the 
neuronal myelin sheaths in the brain). 
To fulfil these functions, peroxisomes 
interact, cooperate and crosstalk with 
other subcellular compartments, for 
example, the smooth ER, mitochondria, 
or lipid droplets. Whereas in yeast and 
plants the b-oxidation of fatty acids 
solely depends on peroxisomes, this 
function occurs in both peroxisomes 
and mitochondria in animals. Both 
organelles have their own set of 
b-oxidation enzymes but show 
substrate specificity for certain fatty 
acids. Very long chain fatty acids and 
phytanic acid (from dairy products), 
for example, can only be degraded 
in peroxisomes and are toxic when 
they accumulate. Moreover, in animals 
peroxisomes are involved in the 
synthesis of bile acids, inflammatory 
mediators (e.g. leukotrienes) and 
docosahexanoic acid, a modulator of 
neuronal function. 
Are they good for anything else? 
Several additional peroxisome 
functions, including non-metabolic 
roles, have been recently identified. 
In addition to catalase, peroxisomes 
contain several other enzymes 
involved in the production and 
scavenging of reactive oxygen 
species (ROS), such as superoxide 
dismutases, peroxiredoxins and 
glutathione peroxidase, thus 
potentially contributing to ROS 
metabolism, oxidative stress, 
ageing, neurodegeneration and 
carcinogenesis. In line with this, 
these organelles play a role in 
ROS and reactive nitrogen species 
signalling. A new biological function 
for peroxisomes in antiviral innate 
immunity and antiviral signalling 
through the outer mitochondrial 
membrane protein MAVS has 
also been discovered. In plants peroxisomes were shown to 
synthesise phytohormones, which 
regulate important physiological 
processes such as growth and 
senescence. Root peroxisomes of 
tropical legumes synthesise allantoin 
as a carrier for nitrogen transport. 
The involvement of peroxisomes in 
the production of several secondary 
metabolites in fungi means that these 
organelles are of biotechnological and 
industrial interest. 
Can you live without peroxisomes? 
Although yeast and human cells devoid 
of peroxisomes can be maintained, 
proper peroxisome function is crucial 
for cellular homeostasis and the vitality 
and development of the organism. This 
is best illustrated by the occurrence 
of inherited peroxisomal disorders 
in humans that are often lethal. 
Peroxisomal disorders are grouped 
according to the more frequent single 
enzyme deficiencies (e.g. defects in 
fatty acid transporters exemplified 
by X-linked adrenoleukodystrophy) 
and the more severe peroxisomal 
biogenesis disorders (PBDs), e.g. 
Zellweger syndrome. PBDs result from 
defects in the peroxins, which are 
proteins important for the biogenesis of 
peroxisomes. Therefore, peroxisomes 
are either completely absent, due to a 
defect in their formation, or are present 
as empty membrane compartments 
(‘ghosts’), due to defects in the import 
machinery for peroxisomal enzymes. 
A loss of peroxisomal functions 
is generally accompanied by the 
accumulation of toxic substrates 
(e.g. fatty acids and phytanic acid) 
and a shortage of peroxisomal 
products (e.g. myelin sheath lipids). 
Symptoms include neonatal hypotonia, 
craniofacial dysmorphy, neuronal 
myelination and migration defects, 
seizures, hepatomegaly, liver cirrhosis, 
and renal cysts leading to death in 
early childhood.
How do peroxisomes get their 
proteins? Peroxisomal matrix 
proteins are all synthesized on free 
ribosomes in the cytoplasm and 
are post-translationally imported 
into the organelle (Figure 1). Two 
peroxisomal targeting signals — PTS1 
and PTS2 — have been defined. The 
signals are recognized by soluble 
receptor peroxins (Pex5p and 
Pex7p, respectively) that interact 
with a receptor docking site at the 
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Figure 1. Schematic view of dynamic peroxisome formation.
Peroxisomes can form by growth and division from pre-existing organelles and/or by 
de novo synthesis and further maturation from the ER. All peroxisomal matrix proteins are 
translated on free ribosomes in the cytoplasm and are post-translationally imported into 
peroxisomes by a unique import machinery. Whether all peroxisomal membrane proteins are 
also translated in the cytoplasm or whether they are first inserted into the ER and are then 
routed to peroxisomes is presently unclear. Evidence for vesicular transport from the ER has 
recently been presented, but alternative mechanisms may exist. PPAR/RXR, heterodimer 
of the peroxiome proliferator activated receptor and the retinoid X receptor; RNA Pol, RNA 
polymerase II.import involves a unique protein 
translocation machinery that can 
handle folded, co-factor-bound and 
oligomeric proteins. It is suggested 
that the receptor Pex5p inserts into the 
peroxisomal membrane to form a large 
transient pore for cargo translocation. 
Recycling of the Pex5p receptor 
is then mediated by ubiquitination 
events. Most of the known peroxins 
are involved in the import of 
peroxisomal matrix proteins. The 
targeting of peroxisomal membrane 
proteins (PMPs) requires a completely 
different, less well-characterised 
machinery which requires the cytosolic 
receptor/chaperone Pex19p. When 
a nascent PMP is bound to Pex19p, 
the PMPs Pex3p and Pex16p interact 
with Pex19p to mediate membrane 
insertion of the nascent protein. It is 
currently unclear whether all PMPs 
are translated into the cytoplasm or 
whether PMPs are first inserted into 
the ER and then bud from the ER in 
specialized vesicles that are finally 
delivered to peroxisomes (Figure 1). 
How are peroxisomes formed? 
Peroxisomes can form by growth 
and division of pre-existing ones. Interestingly, they can also arise 
from the ER (Figure 1). This de novo 
formation was first discovered in 
mutant cells completely lacking 
peroxisomes after reintroduction of the 
gene that is lacking in the particular 
mutant (either pex19, pex3, or pex16). 
Division of peroxisomes is preceded by 
elongation of the organelle membrane 
(Figure 1) via a mechanism that 
involves the conserved PMP Pex11p. 
Final fission requires  
dynamin-related proteins with GTPase 
activity and associated adaptor 
proteins (e.g. DLP1/Drp1 and the 
adaptors Fis1 and Mff in mammals). 
Notably, these key components are 
shared with mitochondria — a common 
strategy used by mammals, fungi and 
plants. Peroxisome formation either 
from the ER or by growth and division 
of existing peroxisomes appears to 
follow a maturation process involving 
the recruitment of new membrane and 
matrix proteins (Figure 1).
What is peroxisome proliferation? 
Peroxisomes are dynamic organelles 
that react to physiological changes in 
their cellular environment (Figure 1) and 
adapt their number, enzyme content and metabolic functions accordingly. 
An increase in peroxisome number 
and/or enzymes (peroxisome 
proliferation) can be stimulated, e.g. 
by fatty acids, cold adaptation or 
hypolipidemic compounds, whereas 
hypoxia or starvation result in their 
decrease. The classical peroxisome 
proliferators in mammals (e.g. fatty 
acids, hypolipidemic fibrates) bind to 
the nuclear hormone receptor PPARa, 
which induces the transcription of 
peroxisomal genes involved in  
b-oxidation and proliferation, such as 
pex11 (Figure 1). Prolonged treatment 
with peroxisome proliferators has 
a carcinogenic effect in rodents 
leading to liver tumours. Additional 
PPARa-independent mechanisms 
have been suggested. Peroxisome 
subpopulations with distinct 
morphology, protein composition, and 
function are likely to be generated 
in response to different stimuli 
and activated transcription factors 
(Figure 1).
What remains to be explored? The 
physiological regulation of peroxisome 
function and proliferation, the signal 
transduction pathways involved and 
the role of peroxisomes as signalling 
platforms are important aspects 
of peroxisome biology that require 
intense investigation. Furthermore, 
their contributions to the pathology  
of neurodegenerative disorders 
and their role in oxidative stress 
conditions and ageing are unexplored 
and challenging problems. Providing 
insight into these issues may lead  
to the discovery of novel targets  
for the treatment of age-related 
diseases.
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